Introduction
The medial approach for open reduction of developmental dysplasia of the hip was first described by Ludloff in 1908 [1] . In 1973, Ferguson modified this approach by using a more posterior interval [2] . Open reduction through a medial approach has been used in children younger than 24 months of age [2] . This method has been described as a simple and atraumatic procedure that enables bloodless access to the medial and inferior sections of the hip joint [2] [3] [4] . The pericapsular acetabuloplasty was described by Pemberton in 1965 [5] . This is a reshaping incomplete iliac osteotomy in which the acetabular roof is hinged on the triradiate cartilage. Thus, the lower fragment of the ilium is rotated forward, downward and outward [5] . Pemberton acetabuloplasty (PA) enables greater correction of acetabular dysplasia by providing further lateral and anterior acetabular coverage than the Salter osteotomy [6] .
In our centre, the Ferguson medial approach has been applied as a first treatment option for dislocations presenting after six months of age or where splintage has failed. PA was administered in patients older than 15 months of age who had an acetabular angle greater than 35°on preoperative radiographs or instability at the end of medial open reduction.
In this retrospective study, we present our experience with open reduction through a medial approach and PA in a single session in patients older than 15 months of age. To our knowledge, this is the first report of a combination of Ferguson medial open reduction with PA in a single-stage operation.
Patients and methods
We retrospectively reviewed the records of 22 patients (32 hips) who underwent a single-stage open reduction through the medial approach and PA for developmental dysplasia of the hip between 1995 and 2007. Neuromuscular or teratologic hip dislocations were not included in the study. This study was approved by the institutional ethics committee. No patient had received any previous treatment. There were 21 girls and one boy. Both hips were affected in 10 patients, the right hip in 15 patients and the left hip in 17. In patients who had bilaterally dislocated hips, bilateral medial open reduction and bilateral PA were performed during the same session. PA was performed in 26 hips that had an acetabular angle greater than 35°on preoperative radiographs and six hips that had instability at the end of medial open reduction. Femoral shortening osteotomy was not performed in any patient. All operations were performed by the senior author (C.B.). The mean age of the patients at the time of the operation was 19.8 months (16) (17) (18) (19) (20) (21) (22) (23) (24) . The mean follow-up period was 10.9 years (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) .
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Operative technique
A medial approach was applied through the interval between the adductor longus and the gracilis. The lesser trochanter was identified with blunt dissection and iliopsoas tenotomy was performed. The joint capsule was carefully opened inferomedially and great care was taken to avoid damage to the medial femoral vessels. In all patients, the ligamentum teres and the pulvinar were removed. After the open reduction, a PA was performed through an anterior iliofemoral approach without capsular dissection and capsulorrhaphy. A curved cut was made on the medial and lateral walls of the acetabulum and extended down to the posterior wing of the triradiate cartilage. After the osteotomy, the lower fragment was rotated anterolaterally. A triangular bone graft was taken from the ipsilateral iliac bone and placed into the osteotomy site. No internal fixation was used. The stability of the hip was checked in different positions. Then, a hip spica cast was applied at 20°of flexion, 30°of abduction and 10°of internal rotation for 6 weeks. After the removal of the cast, an abduction brace was used at all times for 6 weeks.
At the final follow-up, clinical and radiological evaluations were performed using the modified McKay [7] and Severin [8] classification systems. The position of the femoral capital ossification centre on preoperative radiographs was assessed using the method of Tönnis [9] . Avascular necrosis was classified on the basis of the criteria of Kalamchi and MacEwen [10] . To evaluate the development of the acetabulum and the proximal femur, we measured the acetabular angle, the centre-edge angle and the neck-shaft angle of the femur on radiographs taken preoperatively, at the end of the first, third and fifth years, and at the final follow-up. The film focal length was 110 cm in all cases. All preoperative and postoperative radiographs were evaluated by the same author (M.E.B.) using the same goniometer.
The statistical analyses were carried out using the IBM SPSS Statistics for Windows, version 22 (IBM Corp., Armonk, New York, USA). Percentage, rate, average and SD were used as descriptive statistics. The compliance of the quantitative data with normal distribution was evaluated using the Kolmogorov-Smirnov test. The parametric data were compared using the Student t-test. The χ 2 -test was used to assess the correlation between preoperative Tönnis hip scores and the presence of avascular necrosis at the latest follow-up. P value less than 0.05 was considered to be statistically significant.
Results
According to the Tönnis classification system, 20 hips were classified as grade II, nine were grade III and three were grade IV on the basis of the preoperative radiographs. There was no redislocation, loss of concentric reduction, infection or graft extrusion postoperatively. No patient required subsequent surgery (Fig. 1) .
At the final follow-up, clinical results were excellent in 30 hips (93.8%) and good in two (6.2%). Radiological assessment showed that 29 hips (90.6%) were rated as class I and three hips (9.4%) were class II (Fig. 2) . The mean preoperative and postoperative radiological measurements are shown in Table 1 .
Postoperatively, only three hips (9.3%) showed evidence of avascular necrosis. Two hips were classified as group I and one hip as group II according to the classification system of Kalamchi and MacEwen. All three hips showed very good radiological features at the final follow-up (two Severin class I and one Severin class II). At the latest follow-up, the centre-edge angles of the operated hips (mean 37.6°) were significantly higher than those of the unaffected hips (mean 29.5°) in unilateral operated patients (P < 0.0001). There was no statistically significant difference between the acetabular angles of the operated hips (mean 10.8°) and those of the unaffected hips (mean 14.4°) in unilateral operated patients (P = 0.427).
Discussion
The basic goal of the treatment in developmental dysplasia of the hip is to achieve a stable concentric reduction and to maintain the reduction during childhood and adolescence.
Open reduction through a medial approach enables direct access to the main obstacles to concentric reduction, such as tight iliopsoas tendon, inferomedial joint capsule, hypertrophied ligamentum teres and hypertrophied pulvinar. Thus, an intervention to correct for this obstacle can easily be performed with a medial approach. In our clinic, we have been using the Ferguson medial approach for 35 years and we believe that a medial approach is easier than an anterolateral approach for an experienced surgeon [11, 12] . Avascular necrosis is one of the most feared complications of the treatment for developmental dysplasia of the hip. Reported rates of the incidence of avascular necrosis after medial open reduction vary from 0 to 67% [2,3,11 -15] . Extensive capsular dissection, T-shaped capsular incision and ligation of femoral circumflex vessels during the operation were considered responsible for increasing the incidence of avascular necrosis [11] . However, some recent studies have reported that the risks of avascular necrosis are not significantly different between medial open reduction and anterolateral open reduction at early to mid-term follow-up periods [16, 17] . Avascular necrosis was acceptably low, with a 9.3% rate, in our study. We took great care to avoid damaging the medial circumflex vessels and we only performed a longitudinal inferomedial capsular incision. Moreover, no patient received previous failed treatment, the ossific nucleus was present before the operation in all hips and we practiced the PA without capsular dissection. We believe that all these precautions contributed towards the low avascular necrosis rates.
One criticism of the medial approach is that it may require secondary interventions for residual dysplasia. The rate of additional operations varies in the literature. Kiely et al. [18] reported that 22.4% of hips reduced using a Ferguson medial approach required further pelvic or femoral osteotomies over a mean 82-month follow-up period. Koizumi et al. [14] reported a 45.7% rate of additional operations after open reduction through a medial approach. Similarly, Sener et al. [19] have found the incidence of secondary procedures after medial open reduction of up to 70% in children older than 18 months of age. Salter and Dubos [20] recommended a pelvic osteotomy at the time of open reduction for correction of residual dysplasia because they believed that the potential for acetabular remodelling declines rapidly after 18 months of age [21] . In contrast, Albinana et al. [22] reported that acetabular improvement may continue up to 6 years after reduction. Baki et al. [11] had previously reported satisfactory results of single-stage medial open reduction and Salter innominate osteotomy in our clinic.
They reported no secondary interventions for residual dysplasia or redislocation over a mean 9.6-year follow-up period. Furthermore, it was shown that adding a pelvic osteotomy after the open reduction in the same session for the treatment of developmental dysplasia of the hip significantly reduced the incidence of subsequent surgery [23, 24] . PA also has the advantage that patients with bilateral dislocations can be operated bilaterally in a single session, in contrast with the Salter osteotomy. A disadvantage of the Ferguson medial approach is the inability to perform a capsulorrhaphy; this can increase the risk of instability. In six hips, there was an instability after open reduction in our series. In all unstable hips, the acetabular angle was greater than 30°. According to the literature, the combination of instability and acetabular dysplasia may increase the requirement for additional corrective operations in this age group [13] [14] [15] . Therefore, we preferred PA instead of capsuloplasty in these unstable hips to avoid subsequent operations. In our series, no patient required subsequent operation for subluxation, redislocation or residual dysplasia. We consider that PA provides sufficient stability to the hip joint and removes the disadvantage of the absence of capsulorrhaphy in the Ferguson medial approach.
Femoral shortening osteotomies were usually performed if the surgeon judged the reduction to be under excessive tension [25] . Furthermore, femoral shortening was recommended in older patients (>36 months of age) and high dislocations [26] . We did not perform femoral shortening in any patient because our eldest patient was 24 months of age. Also, there was no abnormal tension in any hip joint after open reduction and PA.
According to Mc Kay's classification system, an excellent result is painless, stable hip with a negative Trendelenburg test and full range of motion. Clinically, 93.8% of patients were classified as showing an excellent result at the final follow-up in our series. Performing the PA without anterior open reduction enables a smaller anterolateral incision and less extensive anterior dissection (no anterior capsular dissection). We believe that these features may prevent the formation of fibrosis and adhesions around the hip joint. The disadvantage of this combined technique is the use of two separate incisions.
We conclude that satisfactory clinical and radiological results can be achieved with a single-stage Ferguson medial open reduction and PA after the age of 15 months for the treatment of developmental dysplasia of the hip.
